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1 (symmetric transversal design) STD$\lambda[k;u]$
, 3 $\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$
(i) $B(\in \mathcal{B})$ $k$
(ii) $\mathcal{P}$ , , $u$ $k$
$\mathcal{P}_{0},$ $\mathcal{P}_{1},$
$\cdots,$
$\mathcal{P}_{k-1}$ $(\mathcal{P}_{0},$ $\mathcal{P}_{1},$ $\cdots$ , $\mathcal{P}_{k-1}$ $\mathcal{D}$
(point classes) ) 2 $p,$ $q$ , $p,$ $q$ point
classes , $p,$ $q$ $\lambda$ , $p,$ $q$ point
class $p,$ $q$





1 ([4]) $STD_{\lambda}[k;u]\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$ $\Omega=$
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2 $\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$ $\mathcal{P}_{0},$ $\mathcal{P}_{1},$ $\cdots$ , $\mathcal{P}_{k-1}$
$\mathcal{B}_{0},$ $\mathcal{B}_{1},$
$\cdots,$




$\bullet$ $G$ $\mathcal{D}$ elation group, G elation
$\bullet$ $|G|=u$ , $\mathcal{D}$ $G$
2 $k,$ $u,$ $\lambda\in \mathbb{N}$ , $u\geq 2,$ $k=\lambda u$ $G$ $u$
$\varphi_{ij}\in G(0\leq i,j\leq k-1)$ ,
$H=$ $(\begin{array}{lllllllll}\varphi_{0} 0 \varphi_{0} l \cdots \varphi_{0} k-l \varphi_{l}0 \varphi_{l} l \cdots \varphi_{l} k-1 \vdots \vdots \vdots \varphi_{k-l} 0 \varphi_{k-l} 1 \cdots \cdots \varphi_{k-l} k-1\end{array})$
, $H$ $G$ $k$ GH$(k;G)$




3 $\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$ STD$\lambda[k;u]$ $\Omega=\{\mathcal{P}_{0}, \mathcal{P}_{1}, \cdots, \mathcal{P}_{k-1}\}$
, $\triangle=\{\mathcal{B}_{0}, \mathcal{B}_{1}, \cdots, \mathcal{B}_{k-1}\}$
$G$ Aut $\mathcal{D}$ , $\mathcal{D}$ $G$
$0\leq i\leq k-1$ , $\mathcal{P}_{i}$ 1 $p_{i}$ $0\leq i\leq k-1$
, $\mathcal{B}_{j}$ 1 $B_{j}$ $0\leq i,$ $j\leq k-1$
$D_{ij}=\{\varphi|p_{i^{\varphi}}IB_{j}\}$
, $D_{ij}$ $(0\leq i, j\leq k-1)$ $G$
$D_{ij}=\{\varphi_{ij}\}(0\leq i,j\leq k-1)$
$H=$ $(\begin{array}{lllllllll}\varphi_{0} 0 \varphi_{0} l \varphi_{0} k-l \varphi_{l}0 \varphi_{l} l \varphi_{l} k-l \vdots \vdots \vdots \varphi_{k-l} 0 \varphi_{k-l} 1 \cdots \cdots \varphi_{k-l} k-1\end{array})$
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$GH(k, G)$
4 $k,$ $u,$ $\lambda\in \mathbb{N}$ , $u\geq 2,$ $k=\lambda u$ $G$ $u$
$H=(\varphi_{ij})_{0\leq i,j\leq k-1}$ $GH(k, G)$ $\mathcal{P}=\{(i, \alpha)|0\leq i\leq k-1, \alpha\in G\}$ ,
$\mathcal{B}=\{[j, \alpha]|0\leq i\leq k-1, \alpha\in G\}$ $0\leq i\leq k-1$
$\mathcal{P}_{i}=\{(i, \alpha)|\alpha\in G\}$ , $0\leq i\leq k-1$ $\mathcal{B}_{j}=\{[j, \alpha]|\alpha\in G\}$
, $\mathcal{P}$ $\mathcal{B}$ $I$
$(i, \alpha)I[j, \beta]\Leftrightarrow\alpha\beta^{-1}=\varphi_{ij}$
$\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$ $\mathcal{P}_{0},$ $\cdots,$
$\mathcal{P}_{k-1}$ $\mathcal{B}_{0},$ $\cdots,$
$\mathcal{B}_{k-1}$
$STD_{\lambda}[k;u]$ , $\forall\alpha\in G$ $\mathcal{P}\cup \mathcal{B}$ $f_{\alpha}$
$(i, \beta)^{f_{\alpha}}=(i, \beta\alpha)$ , $[j, \gamma]^{f}\alpha=[j, \gamma\alpha]$ , $f_{\alpha}$ $\mathcal{D}$
$G$ $\mathcal{P}\cup \mathcal{B}$ $f_{\alpha}$ $\alpha$
$\mathcal{D}$ $G$ $\mathcal{D}$ $\mathcal{D}(H)$
3 $u,$ $k\in \mathbb{Z}$ , $u\geq 2,$ $k\geq 2$ $\circ$ $S=$ {$0,1,$ $\cdots$ , 1} $\circ S$
Sym $S$ A $u$ $\circ$
$f=$ $(f(0)0$ $f(1)1$
$\ldots$
$f(k-1)k-1)\in$ Sym $S$ , $X_{0},$ $X_{1},$ $\cdots,$ $X_{k-1}\in\Lambda$
(i) $(f, (X_{0}, X_{1}, \cdots, X_{k-1}))=(X_{ij})_{0\leq i,j\leq k-1}$
$X_{ij}=\{\begin{array}{ll}X_{i} if j=f(i),O otherwise\end{array}$
, $O$ $u\cross u$
(ii) $(f,{}^{t}(X_{0}, X_{1}, \cdots, X_{k-1}))=(X_{ij})_{0\leq i,j\leq k-1}$
$X_{ij}=\{\begin{array}{ll}X_{j} if i=f(j),O otherwise\end{array}$
, $O$ $u\cross u$
1 $\mathcal{D}=(\mathcal{P}, \mathcal{B}, I),$ $\mathcal{D}’=(\mathcal{P}’, \mathcal{B}’, I’)$ STD$\lambda[k;u]$
$\Omega=\{\mathcal{P}_{0}, \mathcal{P}_{1}, \cdots, \mathcal{P}_{k-1}\},$ $\triangle=\{\mathcal{B}_{0}, \mathcal{B}_{1}, \cdots, \mathcal{B}_{k-1}\}$
$\mathcal{D}$ point
classes, block classes $\Omega’=\{\mathcal{P}_{0’}, \mathcal{P}_{1’}, \cdots, \mathcal{P}_{k-1’}\},$ $\triangle’=$
$\{\mathcal{B}_{0’}, \mathcal{B}_{1’}, \cdots, \mathcal{B}_{k-1’}\}$
$\mathcal{D}’$ point classes, block classes
$\mathcal{P}_{i}=\{p_{iu}, p_{iu+1}, \cdots,p_{iu+u-1}\},$ $\mathcal{B}_{i}=\{B_{iu}, B_{iu+1}, \cdots, B_{iu+u-1}\}$ ,
$\mathcal{P}_{i}’=\{p_{iu}’,p_{iu+1’}, \cdots, p_{iu+u-1’}\},$ $\mathcal{B}_{i’}=\{B_{iu}’, B_{iu+1’}, \cdots, B_{iu+u-1’}\}$ $(0\leq i\leq$
$k-1)$ $\mathcal{D}$ $\mathcal{D}’$ $L=(L_{ij})_{0\leq i,j\leq k-1},$ $L’=$
$(L_{ij’})_{0\leq i,j\leq k-1}$ , $L_{ij},$ $L_{ij’}\in$ A $(0\leq i, j\leq k-1)$
$\mathcal{D}\cong \mathcal{D}’\Leftrightarrow\exists f,$ $g\in SymS,$ $\exists X_{0},$ $X_{1}$ , $\cdot\cdot\cdot$ $X_{k-1},$ $Y_{0},$ $Y_{1},$ $\cdots,$ $Y_{k-1}\in\Lambda$ s.t
$(f, (X_{0}, X_{1}, \cdots, X_{k-1}))L(g,{}^{t}(Y_{0}, Y_{1}, \cdots, Y_{k-1}))=L’$
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2 1 2 STD$\lambda[k;u]\mathcal{D},$ $\mathcal{D}’$ point class,
block class $L_{i0}=L_{i0’}=$
$E$ $(0\leq i\leq k-1),$ $L_{0j}=L_{0j’}=E$ $(0\leq i\leq k-1)$ ,
$\mathcal{D}$ $\mathcal{D}’$ ,
$Y_{0}^{-1}L_{f(i)}g(0)^{-1}L_{f(\iota)}g(j)L_{f(0)}g(j)^{-1}L_{f(0)}g(0)0L_{ij}$ ’
$(0\leq i\leq k-1,1\leq j\leq k-1)$
$(f, g, Y_{0})\in$ Sym $S\cross$ Sym $S\cross\Lambda$
3 $\mathcal{D}$ 1 $STD_{\lambda}[k;u]\mathcal{D}$ point class,
block class $L_{i0}=$
$E$ $(0\leq i\leq k-1),$ $L_{0j}=E$ $(0\leq i\leq k-1)$ , $\mathcal{D}$
$Y_{0}^{-1}L_{f(i)}g(0)^{-1}L_{f(i)}g(j)L_{f(0)}g(j)^{-1}L_{f(0)}g(0)Y_{0}=Lij$
$(0\leq i\leq k-1,1\leq j\leq k-1)$
$(f, g, Y_{0})\in$ Sym $S\cross$ Sym $S\cross\Lambda$ , $X_{i}=$
$Y_{0}^{-1}L_{f(i)g(0)^{-1}}(0\leq i\leq k-1),$ $Y_{j}=L_{f(0)g(j)^{-1}}L_{f(0)g(0)}Y_{0}(1\leq j\leq k-1)$
4 $u=2$ $\mathcal{D}$ 1 STD$\lambda[k;2]\mathcal{D}$
point class, block class
$L_{i0}=E$ $(0\leq i\leq k-1),$ $L_{0j}=E$ $(0\leq i\leq k-1)$
, $\mathcal{D}$
$L_{f(i)}g(0)^{-1}L_{f(i)}g(j)L_{f(0)}g(j)^{-1}L_{f(0)}g(0)=Lij$
$(0\leq i\leq k-1,1\leq j\leq k-1)$
$(f, g, Y_{0})\in$ Sym $S\cross$ Sym $S\cross\Lambda$ , $X_{i}=$
$Y_{0}^{-1}L_{f(i)g(0)^{-1}}(0\leq i\leq k-1),$ $Y_{j}=L_{f(0)g(j)^{-1}}L_{f(0)g(0)}Y_{0}(1\leq j\leq k-1)$
1 $G$ A $\varphi\in G$ $F_{\Lambda}(\varphi)=$
$\{x\in\Lambda|x^{\varphi}=x\},$ $\theta_{\Lambda}(\varphi)=|F_{\Lambda}(\varphi)|$
5 ([1], [6]) $\mathcal{D}=(\mathcal{P}, \mathcal{B})$ STD $\Omega$ $\mathcal{D}$ point classes
, $\triangle$ $\mathcal{D}$ block classes $\varphi\in$ Aut $\mathcal{D}$
,
(i) $\theta_{\Omega}(\varphi)\neq 0,$ $\theta_{\Delta}(\varphi)\neq 0$ ,
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$\exists \mathcal{Q}_{0}\in F_{\zeta l}(\varphi)$ s.t $\theta_{\mathcal{Q}_{0}}(\varphi)=1$ $\exists C_{0}\in F_{\triangle}(\varphi)s.t\theta_{C_{0}}(\varphi)=1$
, $\theta_{\mathcal{P}}(\varphi)=\theta_{\zeta l}(\varphi),$ $\theta_{\mathcal{B}}(\varphi)=\theta_{\triangle}(\varphi)$ ,
$\theta_{\mathcal{Q}}(\varphi)=1$ for $\forall \mathcal{Q}\in F_{\zeta)}(\varphi),$ $\theta_{C}(\varphi)=1$ for $\forall C\in F_{\triangle}(\varphi)$
(ii) $\theta_{\zeta)}(\varphi)\neq 0,$ $\theta_{\triangle}(\varphi)\neq 0$
$\exists \mathcal{Q}_{0}\in F_{ft}(\varphi)$ s.t $\theta_{\mathcal{Q}_{0}}(\varphi)\geq 2$ $\exists C_{0}\in F_{\triangle}(\varphi)$ s.t $\theta_{C_{0}}(\varphi)\geq 2$
, $\theta_{\mathcal{P}}(\varphi)=\theta_{\mathcal{B}}(\varphi),$ $\theta_{\zeta)}(\varphi)=\theta_{\triangle}(\varphi)$ ,
$\theta_{\mathcal{Q}}(\varphi)=\theta_{C}(\varphi)=$ $(\forall \mathcal{Q}\in F_{(\}}(\varphi), \forall C\in F_{\triangle}(\varphi))$
(iii) $\theta_{\zeta l}(\varphi)=0$ $\theta_{\mathcal{P}}(\varphi)=0,$ $\theta_{\mathcal{B}}(\varphi)=\theta_{\triangle}(\varphi)$
(iv) $\theta_{\triangle}(\varphi)=0$ $\theta_{\mathcal{B}}(\varphi)=0,$ $\theta_{\mathcal{P}}(\varphi)=\theta_{\Omega}(\varphi)$
4 $H_{1},$ $H_{2}$ $k$ Hadamard matrices , $H_{2}$ $H_{1}$
rows , columns , $H_{1}$ row
$+1$ $-1$ , column $+1$ $-1$
, $H_{1}$ $H_{2}$
5 $H_{1},$ $H_{2}$ $k$ Hadamard matrices ,
$H_{1}$ $H_{2}$ $\Leftrightarrow \mathcal{D}(H_{1})\cong \mathcal{D}(H_{2})$
\S 3. 3 STDi$o[20;2]$
20 Hadamard matrices 3 , Williamson
$(H_{1})$ , Payley $(H_{2})$ , Hall $(H_{3})$ ([3])
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6 (i) $i\in\{1,2,3\}$ $Aut\mathcal{D}(H_{i})$ point classes, block
classes , Aut$\mathcal{D}(H_{2})$ point classes, block
classes 2
(ii) Aut$\mathcal{D}(H_{1})|=20\cross 144\cross 2$ , Aut$\mathcal{D}(H_{2})|=20\cross 19\cross 9\cross 2,$ $|Aut\mathcal{D}(H_{3})|=$
$20\cross 96\cross 2$
\S 4. $STD_{5}[20;4]$
7 $\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$ class regular $STD_{5}[20;4]$ , $Aut\mathcal{D}$
{2, 3}-group $\circ$
$\mathcal{D}$ $U$ class regular $U$ 4
, $W$ $U$
2 $\varphi\in$ Aut$\mathcal{D}$ $o(\varphi)=p$ ( $=$ ) $G=\langle\varphi,$ $U\}$
$\Omega,$ $\triangle$
$\mathcal{D}$ point classes , block classes
Step 1 $p\in$ {2,3,5,7,11, 13, 17, 19}(. $\cdot$ $\varphi$ $\Omega$ )
Step 2 $p\neq 5$ ( $.\cdot$ GH(20, $W)$ 6)
Step3 $p\neq 19$ ( $..\cdot$ )
Step 4 $p\in\{2,3\}$ (. $\cdot$ $GH(20,$ $W)$ 6) $\square$
8 $\mathcal{D}=(\mathcal{P}, \mathcal{B}, I)$ $STD_{5}[20;4]$ $\varphi\in Aut\mathcal{D},$ $o(\varphi)=3$
(i) $|F_{\mathcal{P}_{i}}(\varphi)|,$ $|F_{\mathcal{B}_{j}}(\varphi)|\in\{0,1\}$ for $0\leq i,$ $j\leq 19$ .
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(ii) $a=|\{i||F_{\mathcal{P}_{i}}(\varphi)|=1\}|,$ $b=|\{j||F_{\mathcal{B}_{j}}(\varphi)|=1\}|$ , $\mathcal{D}$
dual $(a, b)=(2,2)$ or (2, 5)
5 STD
class regular STD5 [20; 4] $2^{\alpha}\cross 3$
$2^{\alpha}$ , $\alpha\geq 2$
class regular STD5 [20; 4] $\mathcal{D}$ 4
, Aut $\mathcal{D}$ $\mathcal{D}$ 4 elation group
$GF(4)$ (4,12;5)-difference matrix
, $GF(4)=\{0,1,2,3\}$ $(1+2=3,1+3=2,2+3=1)$
$\bullet$ $(4, k;5)$-difference matrix $k$ 9 $\circ$
([2], VI \S 17)
$\bullet$ difference matrix $OA(80,12,4,2)$
( new parameters ([5]))
$\bullet$ $STD_{6}[24;4]$ (new parameter)
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